Background. This paper reports the association between self-reported diseases and impairments and 2-year onset of disability in a prospective study of people aged 65 years or older in five urban and rural centers in England and Wales (Medical Research Council Cognitive Function and Ageing Study; MRC-CFAS).
T HE disablement process is the common outcome and final pathway of diverse disease processes, and is of undoubted importance to disease sufferers. Understanding the role of diseases and impairments in disablement is essential to focus effort in developing interventions to delay onset of disability. Although self-reported diseases and impairments as risk factors for disability have been explored in many studies, differences in study design, particularly in methods of elicitation and adjustment for covariates, hinder synthesis. In the past, different measures of functional decline have also presented a problem for comparisons, but emerging consensus on measurement, based on the order in which limitations onset and activities are lost, provides a firmer basis for synthesis (1) . The most recent systematic review has been conducted by Stück and colleagues (2) , who reviewed 78 prospective studies published in five European languages between 1985 and 1997. Included studies examined functional decline in community-based samples, and reported a measure of prospective statistical association with at least one risk factor. More than 10 studies found statistically significant associations for the following prevalent conditions: hypertension, stroke or transient ischemic attack, diabetes, and arthritis. In addition, a large number of studies reported associations of onset of disability with diseases of the cardiovascular system, variously defined.
SYSTEMATIC REVIEW OF PROSPECTIVE RISK FACTORS FOR FUNCTIONAL DECLINE IN COMMUNITY-BASED STUDIES, 1998-2001
As a precursor to the present study, we updated the earlier systematic review, using similar search terms, but restricting the focus to articles published in English and French between 1998 and 2001 inclusive and reporting a prospective measure of association of functional status with a specific disease or chronic condition as a risk factor. Of a total of 35 published analyses on 27 databases that met our criteria for inclusion, 11 identified general risk factors for functional decline, 3 evaluated a list of diseases or conditions, 15 focused on a particular condition (9 on depression/affect, 2 on musculoskeletal conditions, 1 on sensory impairments, and 2 on cognitive status), and 6 focused on another specific risk factor (for example, physical fitness) but reported at least one association with a disease or condition. There were no studies published in French that met our inclusion criteria.
Findings from the 27 databases are summarized in Table 1 . Conclusions should be drawn with care, as the significance of associations depends on sample size, the measure of functional decline, covariates adjusted for, and how the risk factor was elicited. Despite these cautions, there is some consistency in the evidence linking depression and cognitive impairment with functional decline, partially reflecting the number of large studies focusing on these conditions. Less consistent are findings for arthritis, diabetes, and respiratory disease, which may reflect differences in definition between databases.
The associations summarized in Table 1 all concern conditions prevalent at baseline. The two studies that examined newly occurring incident conditions report some appreciably stronger associations, especially for conditions that may have silent onset until a catastrophic event, such as cerebrovascular disease. In the Established Populations for Epidemiologic Studies of the Elderly (EPESE) populations, Penninx and colleagues (3) found that newly occurring hip fracture and stroke especially, but also heart attack, diabetes mellitus, and cancer were significantly associated with both activity of daily living (ADL) disability and mobility onset of disability. Hebert and associates (4) found that deterioration in cognitive status, but not change in depressive mood, was significantly associated with decline in function.
Community-based evidence on diseases as predictors of functional decline in the United Kingdom is restricted to the London studies (5), with focus limited to depression, anxiety, and musculoskeletal problems. The MRC-CFAS is the first study from the United Kingdom with sufficient power to look at both prevalent and incident conditions as risk factors for onset of disability, and to include rare conditions such as Parkinson's disease.
METHODS FOR MRC-CFAS ANALYSIS
A full description of the MRC-CFAS study design can be found elsewhere (6) . For the initial screen, random samples All participants were initially screened at their place of residence from 1991 through 1994 by trained interviewers who followed a computerized, structured interview enquiring about sociodemography, general health (including chronic conditions), cognition, smoking, and ADLs. Surviving participants were interviewed again 2 years later regarding their health and ADLs, either at an incidence screen that was essentially similar to the initial interview, or at a more detailed cognitive assessment.
We used the MRC-CFAS data set version 6.1 for this analysis, which has information on 13,004 people who took part in the initial screen in three urban (Newcastle, Nottingham, and Oxford) and two rural centers (Cambridgeshire and Gwynedd, Wales) and the 2-year follow-up.
Measurement of Onset of Disability
The interviews included items from the modified Townsend ADL scale (7), covering the participant's ability to perform nine activities and tasks, including eight ADLs/ instrumental ADLs. The root question was ''Are you able to . . .?'' and response categories were ''yes, with no difficulty,'' ''yes, with some difficulty,'' and ''no, needs help.'' If an activity was not normally undertaken, probing was used to establish whether the participant would be able to undertake the activity in the absence of another person. Participants' mobility was also rated by the interviewer as usually ambulant nonhousebound, usually ambulant housebound, chairfast permanently, and bedfast permanently.
Using information on the hierarchy of ADL/instrumental ADL (1) and on the basis of the concept of interval of need (8), we classified participants as disabled if they were unable to perform at least one of the following five ADLs without human help: transfer to and from a chair, put on shoes and socks, prepare a hot meal, get around outside, and have a bath or an all-over wash. The participants classified as disabled are considered as requiring help at least several times a week. Our threshold is slightly more inclusive than that used by Boult and colleagues in their analysis of onset of disability in the Longitudinal Study of Aging (9).
Measurement of Risk Factors
At baseline, participants were asked if they had ever suffered from heart attack, angina, intermittent claudication, diabetes, asthma, chronic bronchitis, arthritis, Parkinson's disease, treated hypertension, stroke, emotional problems, or underactive thyroid. Angina and peripheral vascular disease (PVD; intermittent claudication) were elicited from the Rose scales (10). Participants were considered to have coronary heart disease if they reported having suffered from a heart attack or angina, or were classified as having angina from the Rose angina scale. Participants were classified as having chronic airways obstruction if they had suffered from chronic bronchitis or asthma (excluding childhood asthma). Treated diabetes was coded in participants who reported receiving treatment currently for their diabetes; treated hypertension was handled similarly.
Participants were classified as having had a stroke if they answered positively to the question ''Have you ever had a stroke that required medical attention?'' and reported that the stroke was diagnosed by a general practitioner or specialist. Participants were asked whether they had ever consulted a doctor about emotional problems or problems with nerves. Those who responded positively to this question, and who also reported that the doctor said they had depression or manic depression, were considered to have had depression. Participants were considered to have hearing or eyesight problems if (a) they reported suffering from poor hearing or eyesight that interfered with day-today living or (b) the interviewer observed problems that interfered to a marked extent with the interview process. Participants with negative self-report but interviewerobserved sensory limitations were rare (n ¼ 6 for eyesight and n ¼ 10 for hearing limitations). Cognitive impairment was assessed using the Mini-Mental State Examination (MMSE) (11) . Missing items were divided according to their nature. Answers of ''Don't know'' or ''no answer,'' and items which could not be answered due to sensory or mobility problems, were recoded to zero. For all other missing items, the full score was recoded to missing, unless the individual could be assigned to an MMSE category unambiguously on the basis of completed items.
Methods of eliciting diseases and conditions were similar at baseline and 2-year follow-up, except that single questions eliciting similar information were substituted for the angina and intermittent claudication scales for those participants who had a more detailed cognitive assessment at follow-up (n ¼ 1185). This substitution may have resulted in some underascertainment of incident angina and PVD. Participants who reported disease in the past 2 years at follow-up but no disease at baseline were regarded as having incident disease.
Statistical Analysis
A polytomous regression model using STATA (12) was used to estimate separate risk factors for onset of functional limitation and death in those not disabled at baseline (Appendix). The initial backward stepwise modeling process included all of the prevalent chronic conditions at baseline as predictors plus indicator variables for age group and sex. To ensure that associations were not overstated due to confounding with sociodemography and lifestyle, a second model was fitted, additionally forcing educational level, living status, social class, and smoking status into the model. The criteria for retention of chronic conditions was significance of regression coefficients for onset of disability or mortality at p ¼ .1. Two-factor interactions between chronic conditions and between conditions and sociodemographic variables were considered where there was a plausible clinical pretext. All two-factor interactions with age were examined, and interactions were added to the model in turn, using the likelihood ratio test to assess significance ( p , .05).
Incident conditions were not included as risk factors in the initial modeling process, to avoid overestimating associations due to disease following onset of disability. However, because we examined onset in a cohort with no disability at baseline, the model with prevalent conditions understates the impact of associations between disability and conditions such as cerebrovascular disease, the onset of which is often silent until a catastrophic event. For example, those in the analysis cohort who reported stroke must have had either a mild stroke or a more severe stroke with good recovery (13) . To gain a more complete view of the role of diseases in onset of disability, a bivariable logistic regression model for onset of disability among those initially without disability and surviving 2 years was also fitted. For each condition, indicator variables were entered for prevalent disease (disease reported at baseline, regardless of reports at 2-year follow-up) and incident disease (disease not reported at baseline, but reported at 2 years). Thus the reference group for each condition is those who survived and never reported the disease. Heart attack and angina were entered as separate risk factors in this model. The Rose scales for angina and PVD had relatively high levels of missing incidence data (8.8% and 5.0%, respectively, of those independent at baseline with functional status assessed at follow-up), probably due to their being subscales rather than single-item responses. A missing category was included in the model for these diseases.
Population-attributable risks were calculated as the percentage of the total disability predicted by the final model that was removed when predicted outcomes at 2 years were recalculated for the population with the given disease coded as absent for all participants. To adjust for oversampling of those aged 75 years or older, responses were reweighted by age and sex to reflect the population age distribution at each of the five centers. Results from models using weights are presented.
RESULTS
The response rate for the initial screen was over 80% overall. Of 13,004 participants interviewed (MRC-CFAS data set release 6.1), 12,841 people (98.7%) provided sufficient data for their functional status to be classified at baseline. Of these, 235 participants failed to show that they were oriented in time and space, after initial questions at baseline. These participants were classified as disabled, as it was unlikely that they would be able to prepare or cook a hot meal. A small number of participants with missing data on one or more of the five ADLs were classified as not disabled on the basis of additional ADL information from the Townsend scale.
At baseline, 2259 participants were disabled, of whom 609 (27.0%) died, 812 (36.0%) were alive and disabled at follow-up, and 223 (9.9%) were alive and not disabled at follow-up. Because of the small number with improved functional status and relatively high loss to follow-up (27.2%, n ¼ 615 of 2259 who were disabled at baseline), risk factors for improvement were not investigated.
The 10,582 people who were not disabled at baseline formed the study cohort for investigation of risk factors for onset of disability. A total of 8142 (76.9%) were successfully followed up for functional status at 2 years, including 6753 (63.8%) who were not disabled at 2 years, 685 (6.5%) who were disabled, and 704 (6.6%) who died. The majority of remaining participants did not receive a follow-up interview through refusal (20.1%, n ¼ 2122) or because they had moved away from the study area (1.5%, n ¼ 154), but 1.6% (n ¼ 164) were unclassifiable at followup due to missing data on ADLs.
Members of the cohort who were lost to follow-up after the baseline screen had similar prevalence of all chronic conditions at baseline to those analyzed (Table 2 ). However, they were more likely to score as cognitively impaired on the MMSE at baseline and had fewer years of education.
Only the final model with age, sex, chronic conditions, and sociodemography is presented here, for clarity, because estimates from the model with age, sex, and chronic conditions alone were very similar (Table 3) . Two conditions, underactive thyroid and emotional problems, were not significant (p . .1) in either model. A small number of individuals were excluded due to missing covariates (n ¼ 229, unweighted). No interactions considered reached significance ( p , .05) when added to the full model.
Baseline cognitive impairment, stroke, treated diabetes, chronic airways obstruction, coronary heart disease, and treated hypertension were all significantly associated with both onset of disability and mortality. Another group of conditions-Parkinson's disease, eyesight problems, and arthritis-was significantly associated with disability but not with mortality. Because of the size of the data set, some of the associations are statistically significant despite being relatively weak. The leading prevalent risk factors for onset of disability from an individual perspective were Parkinson's disease, moderate cognitive impairment (MMSE 21), and stroke.
Arthritis and hearing and eyesight problems were the most common incident conditions (Table 4) . When incident and prevalent conditions are included in a model for onset of disability among survivors, the pattern of associations for prevalent conditions is largely unchanged. However, there are additionally very strong associations (odds ratio . 3.0) between onset of disability and incident moderate cognitive impairment, stroke, and Parkinson's disease, as well as significant associations with heart attack and incident eyesight problems. Incident angina was associated with a lower risk of onset of disability.
From a population perspective, arthritis (with its weak association but high prevalence and incidence) and newlyoccurring stroke emerge as the most important risk factors in terms of population-attributable risks ( Figure 1 ). As expected, the attributable risk for stroke was considerably greater in the model with prevalent and incident conditions.
DISCUSSION
Among prevalent conditions, cognitive impairment, stroke, treated diabetes, chronic airways obstruction, coronary heart disease, and treated hypertension had both fatal and disabling consequences at 2 years, whereas arthritis, eyesight problems, and Parkinson's disease were associated with onset of disability but not with mortality. Parkinson's disease is strongly associated with onset of disability, but has limited population impact due to its rarity.
The findings for cognitive impairment confirm other studies that have shown a strong association between cognitive impairment and subsequent ADL disability (3, 14, 15) . Because the MRC-CFAS focused on cognitive decline, every effort was made to maximize valid response on physical function, diseases, and impairments from those with cognitive impairment, including use of proxy responses (n ¼ 20 among those nondisabled at baseline). Among those with no disability at baseline, 58 (0.6%) were excluded from the estimation sample because of missing MMSE score at baseline, 7345 scored 26-30 at baseline, of whom 83% were successfully followed up for disability (including deaths), 2425 scored 22-25, of whom 68% were successfully followed up, and 754 scored 21, 38% of whom were followed up. It is likely that the association between cognitive impairment and disability is understated due to these losses: In a boundary case sensitivity analysis (in which all losses Peripheral vascular disease 1.5 (0.9 to 2.2) 1.1 (0.7 to 1.6) Coronary heart disease (angina and heart attack)
1.4 (1.1 to 1.8) Note: *In all cases, missing data is less than 1.5%. were assumed to have become disabled), the odds ratio for prevalent cognitive impairment increased from 3.4 to 6.2.
The high prevalence of self-reported arthritis in this population is consistent with that in other surveys (16, 17) , although the validity of responses to the question ''Have you ever suffered from arthritis?'' is open to question (18, 19) . The association between arthritis and onset of disability is statistically significant in some studies, but not in others (Table 1) . Nevertheless, the high population burden of disability attributable to arthritis in our data and also in data from the U.S. Longitudinal Study of Aging (9) underlines the usefulness of recent studies with more detailed measurement of joint impairment-both in population-based surveys of disability in the older population (20) and in those studies which also take severity into account (21) .
The MRC-CFAS is a unique source of data on chronic disease and disability onset in the United Kingdom. There is evidence for the validity of UK self-report data on some diseases and conditions (22) , but the uncertain validity of other self-reported diagnostic data suggests caution in interpretation. The lack of an association between prevalent depression and onset of disability could be due to the measure of depression at baseline, which included any past episode. Incident depression was significantly associated with onset of disability when adjusted for age and sex only, but not in the model with all diseases.
The pattern of associations identified may be affected by lack of measurement of fractures, osteoporosis, and cancer, which are not available in CFAS, and by incomplete ascertainment of congestive heart failure. The associations studied are a product of medical knowledge, with focus on cognitive decline in the early 1990s. Although more detailed measures of lifestyle and socioeconomic status would be desirable, adjustment for those measures available had a very limited effect on the disease-disability pathway. This finding is consistent with that of Melzer and coworkers (23) , who found that socioeconomics had limited bearing on the disablement process subsequent to the initial onset of mobility disability.
This study confirms evidence from the EPESE (3) database that incident heart attack, and especially stroke are strongly associated with onset of disability in those persons aged 65 years or older. The association of ADL disability with incident diabetes in the U.S. data is not confirmed here, using treated disease as the threshold. This finding may reflect time lapse of more than 2 years between initial treatment and onset of disability, and the shorter follow-up here, compared to that in the EPESE. We present new evidence that incident eyesight problems and Parkinson's disease are associated with onset of disability. In the case of both eyesight and hearing, incident problems are more closely associated with onset of disability than are problems reported at baseline.
If incident conditions are omitted, the impact of cognitive impairment, stroke, heart attack, and sensory problems as risk factors for ADL onset of disability is understated, but caution is required in interpreting the model with incident conditions as there are just two measurement occasions.
Where the disease-impairment-disability continuum is wellestablished, for example, with stroke and sensory impairments, it may be reasonable to assume that disease preceded disability. In others, however, the strength of association with onset of disability may be overstated due to reverse causation. For example, onset of disability may accelerate cognitive decline, if it results in disengagement of individuals from their customary social networks (24) . Despite these caveats, including incident conditions in our model has provided new evidence allowing us to represent more accurately the relative importance of cognitive impairment, stroke, and eyesight problems in the pathway to disability at population level. The results underline the importance of accounting beyond individual disease entities in assessment of preventive interventions. Each of the models presented here has deficits, but they are complementary in that information from both must be synthesized, if the potential benefits of treatments and interventions to prevent disability are to be accurately weighed.
